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SYSTEM, DEVICE, AND METHOD FOR RECEIVER ACCESS CONTROL 
IN A MULTICAST COMMUNICATION NETWORK 



FIELD OF THE INVENTION 

The present invention relates generally to communication systems, and more 
particularly to an architecture for receiver access control and accounting in a multicast 
communication network. 



BACKGROUND OF THE INVENTION 

In today's information age, communication networks are often used for transporting 
information from an information provider to one or more information consumers. 

One technique for transporting information from an information provider to a 
group of information consumers over the communication network is known as 
"multicasting." Multicasting allows the information provider (referred to hereinafter as a 
"multicast source") to transmit a single unit of multicast information (referred to 
hereinafter as a "multicast packet") simultaneously to all information consumers (referred 
to hereinafter individually as a "multicast client" and collectively as "multicast clients") in 
the multicast group, specifically by addressing the multicast packet to the multicast group 
using a multicast address. The multicast clients monitor the communication network for 
multicast packets addressed to the multicast group. 

In order to distribute multicast packets from a particular multicast source S to the 
multicast clients for a particular multicast group G, the multicast packet is routed through 
the communication network by a number of routers. The communication network may 
include multiple routing domains, and therefore the multicast packet may traverse multiple 
routing domains. Each router runs various routing protocols to determine, among other 
things, a "next hop" for each packet based upon address information in the packets. Such 
routing information is used to establish a multicast distribution tree (referred to hereinafter 
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as the "shared tree"), and is maintained by each router in one or more routing tables (often 
referred to as a "routing information base"). 

One problem that plagues many multicast communication networks is security, or 
more specifically, the lack thereof. Many multicast communication networks are based 
upon an anonymous receiver model in which any host can join the shared tree, for 
example, using multicast group management protocol such as the Internet Group 
Management Protocol (IGMP). IGMP is described in Fenner, Internet Engineering Task 
Force (IETF) Request for Comments (RFC) 2236 entitled Internet Group Management 
Protocol, Version 2 (November 1997) and in Cain et al., Internet Engineering Task Force 
(IETF) Internet Draft draft-ietf-idmr-igmp-v3-04.txt entitled Internet Group Management 
Protocol, Version 3 (June 2000), which are hereby incorporated herein by reference in 
their entireties. This anonymous receiver model exposes the shared tree to various types 
of attacks. 

One attempt to protect the shared tree involves the use of data encryption to 
prevent unauthorized hosts from accessing multicast data. For data encryption, a group- 
wide encryption key (referred to hereinafter as the "group key") is used to encrypt and 
decrypt all multicast data for a particular multicast group. The group key is distributed to 
the multicast source as well as to all authorized multicast clients (hosts). The multicast 
source uses the group key to encrypt the multicast data, while all authorized multicast 
clients use the group key to decrypt the multicast data. Unauthorized hosts that receive the 
encrypted multicast data are unable to decrypt the multicast data, and are therefore 
prevented from accessing the multicast data. 

Another attempt to protect the shared tree involves the authentication of control 
messages between multicast routers. Specifically, the multicast routers exchange various 
control messages for, among other things, joining the shared tree. These control messages 
are authenticated hop-by-hop according to a predetermined authentication scheme. By 
authenticating all control messages, only authorized multicast routers are able to join the 
shared tree. 

Unfortunately, neither data encryption nor control message authentication prevents 
an unauthorized host from joining the shared tree and thereby consuming valuable 
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communication resources. Because authentication operates only between the multicast 
routers, an unauthorized host can still join the shared tree, specifically by sending a join 
request, for example, using IGMP or other group management mechanism. The multicast 
routers establish the appropriate multicast routes for routing multicast packets to the 
unauthorized host, perhaps even using authentication to perform hop-by-hop 
authentication. As a member of the shared tree, the unauthorized host receives multicast 
packets. This is true even if the multicast packets are protected using data encryption, in 
v^hich case the unauthorized host simply discards the encrypted multicast data. 

Thus, a technique for controlling access in a multicast communication network is 
needed. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, each subscriber location is treated 
as a separate subnetwork having one and only one multicast receiver. An access device is 
situated at each subscriber location. Each access device connects to a separate port of a 
multicast distribution device. Each subscriber device accesses the multicast network 
through the access device that is situated at its subscriber location. Each access device 
acts as a proxy for its respective subscriber devices by joining and leaving multicast 
groups on behalf of the subscriber devices and acting as the sole multicast receiver for the 
subscriber location. The access devices run a multicast group management protocol for 
joining and leaving various multicast groups, and therefore the access devices appear to 
the multicast distribution device as the ultimate multicast receivers for multicast 
information. The access devices maintain group membership information their respective 
subscriber devices and distribute multicast information to their respective subscriber 
devices accordingly. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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The foregoing and other objects and advantages of the invention will be 
appreciated more fully from the following further description thereof with reference to the 
accompanying drawings wherein: 

FIG. 1 is a system diagram showing an exemplary communication system in 
accordance with an embodiment of the present invention; 

FIG. 2 is a block diagram showing the relevant logic blocks of an exemplary access 
device in accordance with an embodiment of the present invention; 

FIG. 3 is a logic flow diagram showing exemplary access device switching logic 
for processing a join request from a subscriber device in accordance with an embodiment 
of the present invention; 

FIG. 4 is a logic flow diagram showing exemplary access device switching logic 
for processing a multicast packet received from the multicast distribution device in 
accordance with an embodiment of the present invention; 

FIG. 5 is a logic flow diagram showing exemplary access device switching logic 
when a subscriber device leaves a multicast group in accordance with an embodiment of 
the present invention; 

FIG. 6 is a logic flow diagram showing exemplary multicast distribution device 
logic for processing a join request from an access device in accordance with an 
embodiment of the present invention; 

FIG. 7 is a logic flow diagram showing exemplary multicast distribution device 
logic when an access device leaves a multicast group in accordance with an embodiment 
of the present invention; 

FIG. 8 is a system diagram showing an exemplary connnunication system in 
accordance with an embodiment of the present invention in which the multicast 
distribution device is a multicast router in a multicast network; 

FIG. 9 is a system diagram showing an exemplary communication system in 
accordance with an embodiment of the present invention in which the multicast 
distribution device is a multicast server; and 
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FIG. 10 is a system diagram showing an exemplary communication system in 
accordance with an embodiment of the present invention in which the multicast 
distribution device is a multicast switch. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

An embodiment of the present invention provides receiver access control and 
accounting in a multicast network by treating each subscriber location as a separate 
subnetwork having one and only one multicast receiver. Specifically, an access device is 
situated at each subscriber location. Each access device connects to a separate port of a 
multicast distribution device (e.g., multicast router or server). Each subscriber device 
accesses the multicast network through the access device that is situated at its subscriber 
location. Each access device acts as a proxy for its respective subscriber devices by 
joining and leaving multicast groups on behalf of the subscriber devices and acting as the 
sole multicast receiver for the subscriber location. The access devices are not part of the 
multicast network in that the access devices do not run a multicast routing protocol (e.g., 
PIM). Instead, the access devices run a multicast group management protocol (e.g., 
IGMP) for joining and leaving various multicast groups, and therefore the access devices 
appear to the multicast distribution device as the ultimate multicast receivers for multicast 
information. The access devices maintain group membership information their respective 
subscriber devices and distribute multicast information to their respective subscriber 
devices accordingly. 

Because each subnetwork has one and only one multicast receiver (i.e., the access 
device situated at the subscriber location), multicast group management protocol messages 
emanate from one and only one source per subnetwork (i.e., the access device situated at 
the subscriber location). Using an access control database that is preconfigured with 
information about the access devices, the multicast distribution device is able to identify 
and authenticate the source of each multicast group management protocol message, and is 
also able to track network utilization for each subscriber location (such as the multicast 
group memberships, the duration of multicast group memberships, and the amount of data 
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delivered for each multicast group membership). The multicast distribution device does 
not identify, authenticate, and track individual subscriber devices, and therefore subscriber 
devices can be added or removed from subscriber locations without affecting the multicast 
distribution device. 

FIG. 1 shovi^s an exemplary communication system 100 in accordance with an 
embodiment of the present invention. The communication system 100 includes a 
multicast distribution device 120 coupled to an accounting system 1 10, an access control 
database 130, and a number of subscriber locations. For the sake of simplicity, only one 
subscriber location 140 is shown. Each subscriber location, including the subscriber 
location 140, includes an access device 141 and one or more subscriber device(s) 142. 
Each access device, including the access device 141, is coupled to a separate port of the 
multicast distribution device 120. 

Architecturally, the communication system 100 may be used in many applications. 
For example, the communication system 100 may be used in a hotel or apartment building, 
where each hotel room or apartment represents a subscriber location. A single multicast 
distribution device may be used to distribute multicast information to the various hotel 
rooms or apartments. In order to support receiver access control and accounting, each 
hotel room or apartment is associated with an access device through which subscriber 
devices access the multicast network. In such a communication system, the multicast 
distribution device may be, for example, a multicast router that is part of a larger multicast 
network (e.g., a designated router in a PIM network) or a multicast server (e.g., a video 
server in a video-on-demand network). The access device is typically a switch. 

In order for a subscriber device to join a particular multicast group, the subscriber 
device sends a join request to the access device, for example, using a multicast group 
management protocol such as IGMP. Upon receiving the join request from the subscriber 
device, the access device determines whether the access device is already joined to the 
multicast group, specifically by checking a membership database that is maintained by the 
access device. If the access device is already joined to the multicast group, then the access 
device begins forwarding multicast information for the multicast group to the subscriber 
device. However, if the access device is not already joined to the multicast group, then the 
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access device sends a join request to the multicast distribution device, for example, using a 
multicast group management protocol such as IGMP. Upon joining the multicast group, 
the access device updates its membership database and begins forwarding multicast 
information for the multicast group to the subscriber device. The multicast distribution 
device establishes appropriate multicast routes for routing multicast information for the 
multicast group to the access device. 

FIG. 2 is a block diagram 200 showing the relevant logic blocks of an exemplary 
access device 141. The access device 141 includes, among other things, a network 
interface 202 for coupling with the multicast distribution device 120, switching logic 204, 
a subscriber interface 206 for coupling with the subscriber device(s) 142, and a 
membership database 208. 

The switching logic 204 supports a first multicast group management protocol for 
communicating with the subscriber device(s) 142 over the subscriber interface 206 as well 
as a second multicast group management protocol for communicating with the multicast 
distribution device 120 over the network interface 202. In a typical embodiment of the 
present invention, both the first multicast group management protocol and the second 
multicast group management protocol are IGMP. In this way, the presence of the access 
device 141 between the multicast distribution device 120 and the subscriber device(s) 142 
is substantially transparent, since the multicast distribution device 120 and the subscriber 
device(s) 142 utilize IGMP as they would without the access device 141 present. 

The switching logic 204 joins and leaves multicast groups on behalf of the 
subscriber devices 142. The switching logic 204 maintains multicast group membership 
information in the membership database 208. The multicast group membership 
information includes the multicast groups joined by the switching logic 204 and a list of 
subscriber devices associated with each multicast group membership. 

When the switching logic 204 receives a join request from a subscriber device 142 
over the subscriber interface 206 for joining a multicast group, the switching logic 204 
checks the membership database 208 to determine whether there is already a membership 
for the multicast group. If there is already a membership for the multicast group, then the 
switching logic 204 adds the subscriber device 142 to the list of subscriber devices 



2204- A45- 1 1 8776 ( 1 2084B A) 
Septembers, 2000 

-8- 

associated with the multicast group. If there is not already a membership for the multicast 
group, then the switching logic 204 sends a join request to the multicast distribution device 
120 over the network interface 202 in order to join the multicast group on behalf of the 
subscriber device 142. The switching logic 204 updates the membership information in 
the membership database 208 to add the multicast group membership to the membership 
database 208 and also to add the subscriber device to the list of subscriber devices 
associated with the multicast group. 

FIG. 3 is a logic flow diagram showing exemplary switching logic 300 for 
processing a join request from a subscriber device. Beginning at block 302, and upon 
receiving a join request from a subscriber device to join a multicast group, in block 304, 
the logic checks the membership database to determine whether there is already a 
membership for the multicast group, in block 306. If there is already a membership for the 
multicast group (YES in block 308), then the logic adds the subscriber device to the list of 
subscriber devices associated with the multicast group, in block 314). If there is not 
already a membership for the multicast group (NO in block 308), then the logic sends a 
join request to the multicast distribution device to join the multicast group on behalf of the 
subscriber device, in block 310. Once the multicast group membership is established, the 
logic adds the multicast group membership to the membership database, in block 312, and 
also adds the subscriber device to the list of subscriber devices associated with the 
multicast group, in block 314. The logic 300 terminates in block 399. 

When the multicast distribution device 120 receives the join request from the 
access device 141 for joining the multicast group, the multicast distribution device 120 
identifies the access device 141, for example, based upon the port over which the join 
request is received. In addition to identifying the access device 141, the multicast 
distribution device 120 may also authenticate the access device 141 using a predetermined 
authentication scheme such as IPsec AH together with various access control information 
obtained from the access control database 130 (e.g., an authentication key for the access 
device). Assuming that the access device 141 is authentic (i.e., identified and/or 
authenticated by the multicast distribution device 120), the multicast distribution device 
120 establishes appropriate multicast routes for forwarding multicast information for the 
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multicast group to the access device 141. This may involve, for example, joining a shared 
multicast distribution tree for the multicast group using a predetermined multicast routing 
protocol such as PIM. The multicast distribution device 120 then forwards multicast 
information for the multicast group to the access device 141. 
5 FIG. 6 is a logic flow diagram showing exemplary multicast distribution device 

logic 600 for processing a join request from an access device. Beginning at block 602, and 
upon receiving a join request from an access device to join a multicast group, in block 604, 
the logic identifies the access device, in block 606, for example, based upon the port over 
which the join request is received. The logic may authenticate the access device further, in 

10 block 608, using a predetermined authentication scheme. If the access device is authentic 

(YES in block 610), then the logic establishes appropriate multicast routes for forwarding 
multicast packets for the multicast group to the access device, in block 612, and thereafter 
forwards multicast packets for the multicast group to the access device, in block 614. If 
the access device is not authentic (NO in block 610), then the logic does not establish 
-15 appropriate multicast routes for forwarding multicast packets for the multicast group to the 

access device and does not forward multicast packets for the multicast group to the access 
device. The logic 600 terminates in block 699. 
r After the switching logic 204 estabUshes a multicast group membership on behalf 

of one or more subscriber devices, the switching logic 204 receives multicast information 

20 from the multicast distribution device 120 over the network interface 202 and forwards the 

multicast information to all subscriber devices in the list of subscriber devices associated 
with the multicast group. Specifically, when the switching logic 204 receives a multicast 
packet for a multicast group from the multicast distribution device 120 over the network 
interface 202, the switching logic 204 checks the membership database 208 to determine 

25 whether there is a multicast group membership for the multicast group. If there is a 

multicast group membership for the multicast group, then the switching logic 204 obtains 
the list of subscriber devices associated with the multicast group from the membership 
database and forwards the multicast packet to the subscriber devices associated with the 
multicast group. If there is not a multicast group membership for the multicast group, then 
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the switching logic 204 does not forward the multicast packet to the subscriber devices 
(i.e., the switching logic 204 drops the multicast packet). 

FIG. 4 is a logic flow diagram showing exemplary switching logic 400 for 
processing a multicast packet. Beginning at block 402, and upon receiving a multicast 
packet for a multicast group from the multicast distribution device, in block 404, the logic 
checks the membership database to determine whether there is a membership for the 
multicast group, in block 406. If there is a membership for the multicast group (YES in 
block 408), then the logic obtains the list of subscriber devices associated with the 
multicast group from the membership database, in block 410, and forwards the multicast 
packet to the subscriber devices associated with the multicast group, in block 412. If there 
is not already a membership for the multicast group (NO in block 408), then the logic 
drops the packet. The logic 400 terminates in block 499. 

The switching logic 204 maintains a particular multicast group membership as long 
as there is at least one subscriber device 142 that is joined to the multicast group. The 
switching logic 204 may use various means for determining whether a particular 
subscriber device remains a member of a particular multicast group. For example, the 
switching logic 204 may utilize the IGMP query/report mechanism to determine the 
multicast group memberships for all subscriber devices, in which case the switching logic 
204 sends IGMP query messages to the subscriber devices and the subscriber devices 
report their multicast group memberships in IGMP report messages. Alternatively, the 
subscriber devices may send explicit leave requests to the access device 141 for leaving 
multicast groups. 

In any case, when the switching logic 204 determines that a particular subscriber 
device is no longer a member of a particular multicast group, the switching logic 204 
removes the subscriber device from the list of subscriber devices associated with the 
multicast group in the membership database 208. The switching logic 204 then determines 
whether there are any remaining members of the multicast group, specifically by 
determining whether there are any remaining subscriber devices in the list of subscriber 
devices associated with the multicast group. If there are no remaining members of the 
multicast group, then the switching logic 204 leaves the multicast group, for example, by 
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omitting the multicast group from IGMP report messages sent to the multicast distribution 
device 120 or by sending an explicit leave request to the multicast distribution device 120. 

FIG. 5 is a logic flow diagram showing exemplary switching logic 500 when a 
subscriber device leaves a multicast group. Beginning at block 502, and upon determining 
that a subscriber device has left a multicast group, in block 504, the logic removes the 
subscriber device from the list of subscriber devices associated with the multicast group in 
the membership database, in block 506. The logic then determines whether there are any 
remaining members of the multicast group, specifically by determining whether there are 
any remaining subscriber devices in the multicast group, in block 508, specifically by 
determining whether there are any remaining subscriber devices in the list of subscriber 
devices associated with the multicast group. If there are no remaining members of the 
multicast group (NO in block 510), then the logic leaves the multicast group, in block 512. 
If there is at least one remaining member of the multicast group (YES in block 510), then 
the logic maintains the multicast group membership. The logic 500 terminates in block 
599. 

When the multicast distribution device 120 determines that the access device 141 
is no longer a member of a particular multicast group, the multicast distribution device 120 
stops forwarding multicast information for the multicast group to the access device 141. 
The multicast distribution device 120 may also remove itself from a shared multicast 
distribution tree for the multicast group, for example, using a multicast routing protocol 
such as PIM. 

no. 7 shows exemplary multicast distribution device logic when an access device 
leaves a multicast group. Beginning at block 702, and upon determining that an access 
device has left a multicast group, in block 704, the multicast distribution device stops 
forwarding multicast packets for the multicast group to the access device, in block 706. 
The logic 700 terminates in block 799. 

FIG. 8 shows an exemplary communication system 800 in which the multicast 
distribution device is a multicast router in a multicast network. The communication 
system 800 includes a multicast distribution device 804 coupled to a multicast network 
802 and to a number of subscriber locations 806) through 806^. The multicast distribution 
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device 804 maintains multicast group membership information for forwarding multicast 
information to the subscriber locations 806^ through 806^- The multicast distribution 
device 804 joins multicast groups in the multicast network 802 on behalf of the access 
devices in the subscriber locations 8O61 through 806^ and forwards the multicast 
information received over the multicast network 802 to the appropriate subscriber 
locations 806, through 806^ based upon the multicast group memberships of the access 
devices in the subscriber locations 806j through 806i^. 

FIG. 9 shows an exemplary communication system 900 in which the multicast 
distribution device is a multicast server. The communication system 900 includes a 
multicast distribution device 904 coupled to a multicast database 902 and to a number of 
subscriber locations 906, through 906^. The multicast distribution device 904 maintains 
multicast group membership information for forwarding multicast information to the 
subscriber locations 906i through 906^. The multicast distribution device 904 obtains 
multicast information (such as pay-per-view television information) from the multicast 
database 902 and forwards the multicast information to the appropriate subscriber 
locations 906, through 906^ based upon the multicast group memberships of the access 
devices in the subscriber locations 906i through 906^. 

FIG. 10 shows an exemplary communication system 1000 in which the multicast 
distribution device is a multicast switch. The communication system 1000 includes a 
multicast distribution device 1004 coupled to a multicast server 1002 and to a number of 
subscriber locations IOO61 through 1006^,. The multicast distribution device 1004 
maintains multicast group membership information for forwarding multicast information 
to the subscriber locations IOO61 through 1006^- The multicast distribution device 1004 
forwards multicast information received from the multicast server 1002 to the appropriate 
subscriber locations IOO61 through 1006^, based upon the multicast group memberships of 
the access devices in the subscriber locations 1006, through 1006^,. 

Architecturally, an embodiment of the present invention facilitates accounting 
functions performed by the multicast distribution device 120. Because the multicast 
distribution device 120 maintains multicast group memberships for the access devices and 
not for the individual subscriber devices, the multicast distribution device 120 is able to 
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maintain accounting information for each access device rather than for the individual 
subscriber devices. For each access device, the multicast distribution device 120 typically 
tracks such things as the multicast group memberships, the duration of each multicast 
group membership, and the volume of data delivered for the duration of each multicast 
5 group membership. Billing is also simplified, since all billable items for a particular 

access device correspond to one and only one subscriber location. The multicast 
distribution device 120 maintains accounting/billing information in the accounting system 
110. 

It should be noted that terms such as "router," "switch," and "server" are used 
10 herein to describe various communication devices that may be used in a communication 

system, and should not be construed to limit the present invention to any particular 
communication device type. Thus, a communication device may include, without 
limitation, a bridge, router, bridge-router (brouter), switch, node, server, or other 
communication device. 
15 It should also be noted that the term "packet" is used herein to describe a 

communication message that may be used by a communication device (e.g., created, 
transmitted, received, stored, or processed by the communication device) or conveyed by a 
communication medium, and should not be construed to limit the present invention to any 
particular communication message type, communication message format, or 
20 communication protocol. Thus, a communication message may include, without 

limitation, a frame, packet, datagram, user datagram, cell, or other type of communication 
message. 

It should also be noted that the logic flow diagrams are used herein to demonstrate 
various aspects of the invention, and should not be construed to limit the present invention 
25 to any particular logic flow or logic implementation. The described logic may be 

partitioned into different logic blocks (e.g., programs, modules, functions, or subroutines) 
without changing the overall results or otherwise departing from the true scope of the 
invention. Often times, logic elements may be added, modified, omitted, performed in a 
different order, or implemented using different logic constructs (e.g., logic gates, looping 
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primitives, conditional logic, and other logic constracts) without changing the overall 
results or otherwise departing from the true scope of the invention. 

The present invention may be embodied in many different forms, including, but in 
no way limited to, computer program logic for use with a processor (e.g., a 
microprocessor, microcontroller, digital signal processor, or general purpose computer), 
programmable logic for use with a programmable logic device (e.g., a Field Programmable 
Gate Array (FPGA) or other PLD), discrete components, integrated circuitry (e.g., an 
Application Specific Integrated Circuit (ASIC)), or any other means including any 
combination thereof. In a typical embodiment of the present invention, predominantly all 
of the switching logic 204 for joining multicast groups on behalf of the subscriber devices, 
leaving multicast groups on behalf of the subscriber devices, maintaining multicast group 
memberships, and forwarding multicast packets to the subscriber devices is implemented 
as a set of computer program instructions that is converted into a computer executable 
form, stored as such in a computer readable medium, and executed by a microprocessor 
within the access device 141 under the control of an operating system. 

Computer program logic implementing all or part of the functionality previously 
described herein may be embodied in various forms, including, but in no way limited to, a 
source code form, a computer executable form, and various intermediate forms (e.g., forms 
generated by an assembler, compiler, linker, or locator). Source code may include a series 
of computer program instructions implemented in any of various programming languages 
(e.g., an object code, an assembly language, or a high-level language such as Fortran, C, 
C++, JAVA, or HTML) for use with various operating systems or operating environments. 
The source code may define and use various data structures and communication messages. 
The source code may be in a computer executable form (e.g., via an interpreter), or the 
source code may be converted (e.g., via a translator, assembler, or compiler) into a 
computer executable form. 

The computer program may be fixed in any form (e.g., source code form, computer 
executable form, or an intermediate form) either permanently or transitorily in a tangible 
storage medium, such as a semiconductor memory device (e.g., a RAM, ROM, PROM, 
EEPROM, or Flash-Programmable RAM), a magnetic memory device (e.g., a diskette or 
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fixed disk), an optical memory device (e.g., a CD-ROM), or other memory device. The 
computer program may be fixed in any form in a signal that is transmittable to a computer 
using any of various communication technologies, including, but in no way limited to, 
analog technologies, digital technologies, optical technologies, wireless technologies, 
networking technologies, and internetworking technologies. The computer program may 
be distributed in any form as a removable storage medium with accompanying printed or 
electronic documentation (e.g., shrink wrapped software), preloaded with a computer 
system (e.g., on system ROM or fixed disk), or distributed from a server or electronic 
bulletin board over the communication system (e.g., the Internet or World Wide Web). 

Hardware logic (including programmable logic for use with a programmable logic 
device) implementing all or part of the functionality previously described herein may be 
designed using traditional manual methods, or may be designed, captured, simulated, or 
documented electronically using various tools, such as Computer Aided Design (CAD), a 
hardware description language (e.g., VHDL or AHDL), or a PLD programming language 
(e.g., PALASM, ABEL, or CUPL). 

Programmable logic may be fixed either permanently or transitorily in a tangible 
storage medium, such as a semiconductor memory device (e.g., a RAM, ROM, PROM, 
EEPROM, or Flash-Programmable RAM), a magnetic memory device (e.g., a diskette or 
fixed disk), an optical memory device (e.g., a CD-ROM), or other memory device. The 
programmable logic may be fixed in a signal that is transmittable to a computer using any 
of various communication technologies, including, but in no way limited to, analog 
technologies, digital technologies, optical technologies, wireless technologies, networking 
technologies, and internetworking technologies. The programmable logic may be 
distributed as a removable storage medium with accompanying printed or electronic 
documentation (e.g., shrink wrapped software), preloaded with a computer system (e.g., on 
system ROM or fixed disk), or distributed from a server or electronic bulletin board over 
the communication system (e.g., the Internet or World Wide Web). 

Thus, the present invention may be embodied as a multicast communication system 
having a plurality of subscriber locations. Each subscriber location hasg an access device 
through which a number of subscriber devices access multicast information sent by a 
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multicast distribution device. Each access device acts as a sole multicast receiver for its 
respective subscriber location and distributes multicast information received from the 
multicast distribution device to the subscriber devices at its respective subscriber location. 
The multicast distribution device distributes multicast information for a number of 
5 multicast groups, and each access device uses a predetermined multicast group 

management protocol (e.g., IGMP) to join the multicast groups on behalf its respective 
subscriber devices. 

The present invention may also be embodied as a multicast communication system 
having a multicast distribution device coupled to a plurality of subscriber locations, 
'-10 wherein each subscriber location is a separate subnetwork of the multicast distribution 

]~ device. Typically, each subscriber location has one and only one access device through 

;i; which subscriber devices at the subscriber location access multicast information 

distributed by the multicast distribution device. Each access device is typically connected 
to a separate interface of the multicast distribution device, and the multicast distribution 
" 15 device identifies each access device based upon the interface to which the access device is 

connected. Each access device joins multicast groups maintained by the multicast 
distribution device on behalf of its respective subscriber devices using a multicast group 
- management protocol. The multicast distribution device sends multicast information to 

the access devices based upon multicast group memberships of the access devices, and 
20 each access device distributes multicast information received from the multicast 

distribution device to its respective subscriber devices. The multicast distribution device 
maintains accounting information for each subnetwork. 

The present invention may also be embodied as an access control method for use in 
a communication system having a multicast distribution device coupled to a plurality of 
25 subscriber locations. Each subscriber location has an access device and at least one 

subscriber device. The access control method involves maintaining a number of multicast 
groups by the multicast distribution device and joining one of the multicast groups by a 
first subscriber device. Joining one of the multicast groups by the first subscriber device 
involves sending a first join request by the first subscriber device to an access device using 
30 a first multicast group management protocol, joining the multicast group by the access 
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device on behalf of the first subscriber device, and associating the first subscriber device 
with the multicast group by the access device. Joining the multicast group by the access 
device on behalf of the first subscriber device involves sending a second join request by 
the access device to the multicast distribution device using a second multicast group 
management protocol and authenticating the access device by the multicast distribution 
device. Authenticating the access device by the multicast distribution device involves 
identifying the access device by the multicast distribution device. The access device is 
typically coupled to an interface of the multicast distribution device, in which case 
identifying the access device by the multicast distribution device involves identifying the 
access device based upon the interface over which the second join request is received by 
the multicast distribution device. Authenticating the access device by the multicast 
distribution device may also involve authenticating the access device using a 
predetermined authentication scheme such as IPsec AH. The multicast distribution device 
establishes a multicast group membership for the access device upon determining that the 
access device is authentic, but denies a multicast group membership for the access device 
upon determining that the access device is not authentic. The access device typically 
maintains a list of subscriber devices associated with the multicast group and adds the first 
subscriber device to the list of subscriber devices associated with the multicast group. 

The access control method may also involve leaving the multicast group by the 
first subscriber device, leaving the multicast group by the access device on behalf of the 
first subscriber device, and disassociating the first subscriber device from the multicast 
group by the access device. 

The access control method may also involve joining the multicast group by a 
second subscriber device. Joining the multicast group by the second subscriber device 
involves sending a third join request by the second subscriber device to the access device 
using a third multicast group management protocol and associating the second subscriber 
device with the multicast group by the access device. 

The access control method may also involve leaving the multicast group by one of 
the first subscriber device and the second subscriber device, remaining joined to the 
multicast group by the access device on behalf of the remaining subscriber device, and 
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disassociating said one of the first subscriber device and the second subscriber device from 
the multicast group by the access device. 

The access control method may also involve maintaining accounting information 
by the multicast distribution device for each multicast group for each subscriber location. 

The present invention may also be embodied as an apparatus for operating as a sole 
multicast receiver on behalf of a number of subscriber devices at a subscriber location in a 
multicast communication netv^^ork. The apparatus includes a network interface couplable 
to a multicast distribution device, a subscriber interface couplable to the number of 
subscriber devices at the subscriber location, and switching logic interposed between the 
network interface and the subscriber interface. The switching logic joins multicast groups 
maintained by the multicast distribution device on behalf of the number of subscriber 
devices and forwards multicast information to the subscriber devices. 

More specifically, the switching logic includes first multicast group management 
logic (e.g., IGMP logic) for controlHng first multicast group memberships between the 
apparatus and the subscriber devices, second multicast group management logic (e.g., 
IGMP logic) for controlling second multicast group memberships between the apparatus 
and the multicast distribution device, and membership logic for maintaining said first and 
second multicast group memberships. The membership logic associates the first multicast 
group memberships with the second multicast group memberships, typically by 
maintaining a list of subscriber devices for each of said second multicast group 
memberships. The first multicast group management logic may receive a join request 
from a subscriber device for joining a multicast group, in which case the second multicast 
group management logic may join the multicast group on behalf of the first subscriber 
device and the membership logic associates the first subscriber device with the multicast 
group. The first multicast group management logic may determine that a subscriber device 
has left a multicast group, in which case the membership logic disassociates the subscriber 
device from the multicast group, and the second multicast group management logic 
determines whether there are any remaining subscriber devices associated with the 
multicast group based upon the membership information maintained by the membership 
logic. The second multicast group management logic remains a member of the multicast 
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group upon determining that there is at least one remaining subscriber device associated 
with the multicast group, but leaves the multicast group upon determining that there are no 
remaining subscriber devices associated with the multicast group. 

The present invention may also be embodied as a computer program for controlling 
a computer system. The computer program includes network interface logic for 
communicating with a multicast distribution device, subscriber interface logic for 
communicating with a number of subscriber devices at a subscriber location, and 
switching logic logically interposed between the network interface logic and the subscriber 
interface logic. The switching logic is programmed to join multicast groups maintained by 
the multicast distribution device on behalf of the number of subscriber devices and 
forward multicast information to the subscriber devices. 

More specifically, the switching logic includes first multicast group management 
logic (e.g., IGMP) for controlling first multicast group memberships between the computer 
system and the subscriber devices, second multicast group management logic (e.g., IGMP) 
for controlling second multicast group memberships between the computer system and the 
multicast distribution device, and membership logic for maintaining said first and second 
multicast group memberships. The membership logic associates the first multicast group 
memberships with the second multicast group memberships, typically by maintaining a list 
of subscriber devices for each of said second multicast group memberships. The first 
multicast group management logic may receive a join request from a subscriber device for 
joining a multicast group, in which case the second multicast group management logic 
may join the multicast group on behalf of the first subscriber device and the membership 
logic associates the first subscriber device with the multicast group. The first multicast 
group management logic may determine that a subscriber device has left a multicast group, 
in which case the membership logic disassociates the subscriber device from the multicast 
group, and the second multicast group management logic determines whether there are any 
remaining subscriber devices associated with the multicast group based upon the 
membership information maintained by the membership logic. The second multicast 
group management logic remains a member of the multicast group upon determining that 
there is at least one remaining subscriber device associated with the multicast group, but 
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leaves the multicast group upon determining that there are no remaining subscriber devices 
associated with the multicast group. 

The computer program may be embodied in a computer readable medium or in a 
data signal. 

The present invention may be embodied in other specific forms without departing 
from the true scope of the invention. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. 
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We claim: 

1 . A multicast communication system comprising a plurality of subscriber locations, 
each subscriber location having an access device through which a number of subscriber 
5 devices access multicast information sent by a multicast distribution device, wherein each 

access device acts as a sole multicast receiver for its respective subscriber location and 
distributes multicast information received from the multicast distribution device to the 
subscriber devices at its respective subscriber location. 

10 2. The multicast communication system of claim 1, wherein the multicast distribution 

device distributes multicast information for a number of multicast groups, and wherein 
each access device uses a predetermined multicast group management protocol to join the 
multicast groups on behalf its respective subscriber devices. 



.15 



3. The multicast communication system of claim 2, wherein the predetermined 
multicast group management protocol is an Internet Group Management Protocol (IGMP). 
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4. A multicast communication system comprising a multicast distribution device 
coupled to a plurality of subscriber locations, wherein each subscriber location is a 
separate subnetwork of the multicast distribution device. 

5. The multicast communication system of claim 4, wherein each subscriber location 
comprises one and only one access device through which subscriber devices at the 
subscriber location access multicast information distributed by the multicast distribution 
device. 

6. The multicast communication system of claim 5, wherein each access device is 
coupled to a separate interface of the multicast distribution device. 

7. The multicast communication system of claim 6, wherein the multicast distribution 
device identifies each access device based upon the interface to which the access device is 
coupled. 

8. The multicast conraiunication system of claim 6, wherein each access device joins 
multicast groups maintained by the multicast distribution device on behalf of its respective 
subscriber devices using a multicast group management protocol. 

9. The multicast communication system of claim 8, wherein the multicast distribution 
device sends multicast information to the access devices based upon multicast group 
memberships of the access devices. 

10. The multicast communication system of claim 8, wherein each access device 
distributes multicast information received from the multicast distribution device to its 
respective subscriber devices. 

1 1 . The multicast communication system of claim 4, wherein the multicast distribution 
device maintains accounting information for each subnetwork. 
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12. The multicast communication system of claim 11, wherein the accounting 
information comprises multicast group memberships for each subnetwork. 

13. The multicast communication system of claim 12, wherein the accounting 
information comprises a duration for each multicast group membership for each 
subnetwork. 

14. The multicast communication system of claim 12, wherein the accounting 
information comprises a volume of multicast information for each multicast group 
membership for each subnetwork. 
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15. In a communication system having a multicast distribution device coupled to a 
plurality of subscriber locations, each subscriber location having an access device and at 
least one subscriber device, an access control method comprising: 

maintaining a number of multicast groups by the multicast distribution device; and 

joining one of said number of multicast groups by a first subscriber device, wherein 
joining one of said number of multicast groups by the first subscriber device comprises: 

sending a first join request by the first subscriber device to an access device using a 
first multicast group management protocol; 

joining the multicast group by the access device on behalf of the first subscriber 
device; and 

associating the first subscriber device with the multicast group by the access 

device. 

16. The access control method of claim 15, wherein joining the multicast group by the 
access device on behalf of the first subscriber device comprises: 

sending a second join request by the access device to the multicast distribution 
device using a second multicast group management protocol; and 

authenticating the access device by the multicast distribution device. 

17. The access control method of claim 16, wherein authenticating the access device 
by the multicast distribution device comprises: 

identifying the access device by the multicast distribution device. 

18. The access control method of claim 17, wherein the access device is coupled to an 
interface of the multicast distribution device, and wherein identifying the access device by 
the multicast distribution device comprises: 

identifying the access device based upon the interface over which the second join 
request is received by the multicast distribution device. 
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19. The access control method of claim 16, wherein authenticating the access device 
by the multicast distribution device comprises: 

authenticating the access device using a predetermined authentication scheme. 

20. The access control method of claim 19, wherein the predetermined authentication 
scheme comprises IPsec AH. 

2 1 . The access control method of claim 16, further comprising: 

determining by the multicast distribution device that the access device is authentic; 

and 

establishing a multicast group membership for the access device by the multicast 
distribution device. 

22. The access control method of claim 16, further comprising: 
determining by the multicast distribution device that the access device is not 

authentic; and 

denying a multicast group membership for the access device by the multicast 
distribution device. 

23. The access control method of claim 15, wherein associating the first subscriber 
device with the multicast group by the access device comprises: 

maintaining by the access device a list of subscriber devices associated with the 
multicast group; and 

adding the first subscriber device to the list of subscriber devices associated with 
the multicast group. 

24. The access control method of claim 15, further comprising: 
leaving the multicast group by the first subscriber device; 

leaving the multicast group by the access device on behalf of the first subscriber 
device; and 
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disassociating the first subscriber device from the multicast group by the access 

device. 

25. The access control method of claim 15, further comprising: 

5 joining the multicast group by a second subscriber device, wherein joining the 

multicast group by the second subscriber device comprises: 

sending a third join request by the second subscriber device to the access device 
using a third multicast group management protocol; and 

associating the second subscriber device with the multicast group by the access 

10 device. 

26. The access control method of claim 25, further comprising: 

leaving the multicast group by one of the first subscriber device and the second 
subscriber device; 

, J5 remaining joined to the multicast group by the access device on behalf of the 

- remaining subscriber device; and 

disassociating said one of the first subscriber device and the second subscriber 
device from the multicast group by the access device. 

20 27. The access control method of claim 15, further comprising: 

maintaining accounting information by the multicast distribution device for each 
multicast group for each subscriber location. 
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28. An apparatus for operating as a sole multicast receiver on behalf of a number of 
subscriber devices at a subscriber location in a multicast communication network, the 
apparatus comprising: 

a network interface couplable to a multicast distribution device; 

a subscriber interface couplable to the number of subscriber devices at the 
subscriber location; and 

switching logic interposed between the network interface and the subscriber 
interface, wherein the switching logic is operably coupled to join multicast groups 
maintained by the multicast distribution device on behalf of the number of subscriber 
devices and forward multicast information to the subscriber devices. 

29. The apparatus of claim 28, wherein the switching logic comprises: 

first multicast group management logic operably coupled to control first multicast 
group memberships between the apparatus and the subscriber devices; 

second multicast group management logic operably coupled to control second 
multicast group memberships between the apparatus and the multicast distribution device; 
and 

membership logic operably coupled to maintain said first and second multicast 
group memberships. 

30. The apparatus of claim 29, wherein the first multicast group management logic 
comprises Internet Group Management Protocol (IGMP) logic for exchanging multicast 
group membership information with the subscriber devices. 

3 1 . The apparatus of claim 29, wherein the second multicast group management logic 
comprises Internet Group Management Protocol (IGMP) logic for exchanging multicast 
group membership information with the multicast distribution device. 



2204-A45-1 18776 (12084BA) 
September 12, 2000 



-28- 

32. The apparatus of claim 29, wherein the membership logic is operably coupled to 
associate the first multicast group memberships with the second multicast group 
memberships. 

33. The apparatus of claim 29, wherein the membership logic is operably coupled to 
maintain a list of subscriber devices for each of said second multicast group memberships. 

34. The apparatus of claim 29, wherein the first multicast group management logic is 
operably coupled to receive a join request from a subscriber device for joining a multicast 
group. 

35. The apparatus of claim 34, wherein the second multicast group management logic 
is operably coupled to join the multicast group on behalf of the first subscriber device. 

36. The apparatus of claim 34, wherein the membership logic is operably coupled to 
associate the first subscriber device with the multicast group. 

37. The apparatus of claim 29, wherein the first multicast group management logic is 
operably coupled to determine that a subscriber device has left a multicast group. 

38. The apparatus of claim 37, wherein the membership logic is operably coupled to 
disassociate the subscriber device from the multicast group. 

39. The apparatus of claim 38, wherein the second multicast group management logic 
is operably coupled to determine whether there are any remaining subscriber devices 
associated with the multicast group based upon the membership information maintained by 
the membership logic. 
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40. The apparatus of claim 39, wherein the second multicast group management logic 
is operably coupled to remain a member of the multicast group upon determining that there 
is at least one remaining subscriber device associated with the multicast group. 

41. The apparatus of claim 39, wherein the second multicast group management logic 
is operably coupled to leave the multicast group upon determining that there are no 
remaining subscriber devices associated with the multicast group. 
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42. A computer program for controlling a computer system, the computer program 
comprising: 

network interface logic for communicating with a multicast distribution device; 

subscriber interface logic for communicating with a number of subscriber devices 
at a subscriber location; and 

switching logic logically interposed between the network interface logic and the 
subscriber interface logic, wherein the switching logic is programmed to join multicast 
groups maintained by the multicast distribution device on behalf of the number of 
subscriber devices and forward multicast information to the subscriber devices. 

43. The computer program of claim 42, wherein the switching logic comprises: 
first multicast group management logic programmed to control first multicast 

group memberships between the computer system and the subscriber devices; 

second multicast group management logic programmed to control second multicast 
group memberships between the computer system and the multicast distribution device; 
and 

membership logic programmed to maintain said first and second multicast group 
memberships. 

44. The computer program of claim 43, wherein the first multicast group management 
logic comprises Internet Group Management Protocol (IGMP) logic for exchanging 
multicast group membership information with the subscriber devices. 

45. The computer program of claim 43, wherein the second multicast group 
management logic comprises Internet Group Management Protocol (IGMP) logic for 
exchanging multicast group membership information with the multicast distribution 
device. 
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46. The computer program of claim 43, wherein the membership logic is programmed 
lo associate the first multicast group memberships with the second multicast group 
memberships. 

5 47. The computer program of claim 43, wherein the membership logic is programmed 

to maintain a Ust of subscriber devices for each of said second multicast group 
memberships. 

48. The computer program of claim 43, wherein the first multicast group management 
10 logic is programmed to receive a join request from a subscriber device for joining a 

multicast group. 

49. The computer program of claim 48, wherein the second multicast group 
management logic is programmed to join the multicast group on behalf of the first 

15 subscriber device. 

50. The computer program of claim 48, wherein the membership logic is programmed 
to associate the first subscriber device with the multicast group. 

20 51 . The computer program of claim 43, wherein the first multicast group management 

logic is progranomed to determine that a subscriber device has left a multicast group. 

52. The computer program of claim 51, wherein the membership logic is programmed 
to disassociate the subscriber device from the multicast group. 

25 

53. The computer program of claim 52, wherein the second multicast group 
management logic is programmed to determine whether there are any remaining subscriber 
devices associated with the multicast group based upon the membership information 
maintained by the membership logic. 



30 
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54. The computer program of claim 53, wherein the second multicast group 
management logic is programmed to remain a member of the multicast group upon 
determining that there is at least one remaining subscriber device associated with the 
multicast group. 

5 

55. The computer program of claim 53, wherein the second multicast group 
management logic is programmed to leave the multicast group upon determining that there 
are no remaining subscriber devices associated with the multicast group. 

10 56. The computer program of claim 42 embodied in a computer readable medium. 



The computer program of claim 42 embodied in a data signal. 
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ABSTRACT OF THE DISCLOSURE 

A system, device, and method for receiver access control in a multicast 
5 communication network treats each subscriber location as a separate subnetwork having 

one and only one multicast receiver. An access device is situated at each subscriber 
location. Each access device connects to a separate port of a multicast distribution device. 
Each subscriber device accesses the multicast network through the access device that is 
situated at its subscriber location. Each access device acts as a proxy for its respective 
10 subscriber devices by joining and leaving multicast groups on behalf of the subscriber 

devices and acting as the sole multicast receiver for the subscriber location. The access 
: devices run a multicast group management protocol for joining and leaving various 

multicast groups, and therefore the access devices appear to the multicast distribution 
device as the ultimate multicast receivers for multicast information. The access devices 
15 maintain group membership information their respective subscriber devices and distribute 

multicast information to their respective subscriber devices accordingly. 
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Declaration and Power of Attorney For Patent Application 




English Language Declaration 






As a below named inventor, 1 hereby declare that: 






My residence, post office address and citizenship are as stated below next to my name, 




1 believe 1 am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 




SYSTEM, DEVICE, AND METHOD FOR RECEIVER ACCESS CONTROL IN A MULTICAST 
COMMUNICATION NETWORK 




the specification of which 






(check one) 




2 


is attached hereto. 






□ was filed on as United States Application No. or PCT International 


2 


Application Number 






and was amended on 






(if applicable) 






1 hereby state that 1 have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

1 acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56. 

1 hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 




Prior Foreign Application(s) 


Priority Not Claimed 
□ 




(Number) (Country) (Day/Month/Year Filed) 


□ 




(Number) (Country) (Day/MonthA'ear Filed) 


□ . 




(Number) (Country) (Day/MonthA'ear Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application In the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the prior application and the national 
or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 




(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1 001 of Title 1 8 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 



Bruce D. Sunstein 
Robert M. Asher 
Timothy M. Murphy 
Steven G. Saunders 
Harriet M. Strimpel 
Samuel J. Petuchowski 
Jefifrey T. Klayman 
John J. Stickevers 
Herbert A. Newborn 
Elizabeth P. Morano 
Jean M. Tibbetts 



Reg. No. 27^34 
Reg. No. 30,445 
Reg. No. 33,198 
Reg. No. 36,265 
Reg. No. 37,008 
Reg. No. 37,910 
Reg. No. 39,250 
Reg. No. 39,387 
Reg. No. 42,031 
Reg. No. 42,904 
Reg. No. 43,193 



Jay Sandvos 
Sonia K. Guterman 
Keith J. Wood 
Mary M. Steubing 
Christopher J. Cianciolo 
Lindsay J. McGuinness 



Reg. No. 43,900 
Reg. No. 44,729 
Reg. No. 45,235 
Reg. No. 37,946 
Reg. No. 42,417 
Reg. No. 38,549 



Send Correspondence to: ^^^'^^ ^- 

Bromberg & Sunstein LLP 
125 Summer Street 
Boston, MA 02110 

Direct Telephone Calls to: (name and telephone number) 

Jeffrey T. Klayman at (617) 443-9292 



Full name of sole or first inventor 
Thomas P. Hardjono 
Sole or first inventor's signature 



Residence 

430 Highland Avenue, Winchester, MA 01890 

Gitizensiiip 

Australia 

Post Office Address 

Same as residence 



Full name of second inventor, if any 
Bradley Cain 

Second inventor's signature Date 



Residence 

295 Harvard Street #611, Cambridge, MA 02139 

Citizensliip 
U.S.A. 

Post Office Address 
Same as residence 
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